The median rate of urinary transferrin excretion is greatly increased by exercise in subjects with uncomplicated type 1 (insulin-dependent) diabetes. This increase is proportionally far greater than that seen in urinary albumin excretion rate after the same exercise. Non-diabetic control subjects showed no rise in urinary transferrin excretion rate following exercise. N-acetyl-fl-D-glucosaminidase excretion rate was higher in diabetic than control groups but did not rise with exercise.
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Nephropathy may affect as many as 40% of patients with type 1 (insulin-dependent) diabetes mellitus.' The most widely used early predictor for this complication is the presence of microalbuminuria, defined as an albumin excretion rate between 20 and 200 f i g h i n in two out of three timed urine samples in a 6 month period. Vigorous exercise provokes elevated albumin excretion rates in type 1 diabetic patients with normal albumin excretion rates at r e~t .~-~ Elevated urinary transferrin excretion rates may precede elevated albumin excretion rates in diabetic childred and it has been suggested that elevated transferrin excretion rates may predict patients at risk of diabetic nephr~pathy.~. ' We studied the urinary excretion of transferrin in response to exercise in patients with uncomplicated type 1 diabetes mellitus.
MATERIALS AND METHODS
Eight men with Type 1 diabetes mellitus for at least 5 years and eight sex and age matched healthy control subjects were studied. The diabetic subjects were normoalbuminuric (urinary albumin excretion rate less than 20 pg/min, confirmed by at least two timed urine collections taken during the morning), normotensive (blood pressure < 160/95 mm Hg), and had no retinopathy (judged by ophthalmoscopy through dilated pupils) or clinical evidence of neuropathy. None had autonomic neuropathy (normal heart rate responses to standing, deep breathing and the Valsalva manoeuvre and blood pressure response to standing). The control subjects had no family history of diabetes mellitus, hypertension or renal disease. Diabetic and control subjects were matched as far as possible for their habitual level of exercise. All subjects gave written consent and the study was approved by the hospital ethical committee.
Exercise protocol
All subjects underwent a preliminary progressive exercise test to determine maximal workload capacity. The test commenced at a workload of 50 w min-I using an electromagnetically braked cycle ergometer (Rodley Elektronik 820, Sweden). The workload was then increased by 20 w min-l until exhaustion. To standardize the physical stress for individuals, since not all had the same maximal exercise capacity, a steady state submaximal test at 50% maximal workload was performed not less than 1 week and no more than 2 months after the maximal test. Data from the steady state tests form the basis of this report.
On the study day subjects attended between 1300-1600 h having eaten as normal at midday. Diabetic subjects took their usual insulin. At the start of the study period subjects emptied their bladders and drank 200 mL water. They then rested recumbent for 1 h after which urine was collected for estimation of albumin, transferrin, a ,microglobulin and N-acetyl-P-D-glucosaminidase content. Blood was drawn with minimal venous stasis for measurement of glucose, glycated haemoglobin, plasma electrolytes, urea, creatinine, and albumin. Subjects then exercised for 20 min at 50% maximal workload. Further blood and urine samples were collected immediately after exercise and following 1 h rest. To maintain fluid balance during the study subjects were given 200 mL water plus a volume equivalent to their previous hour's urine output to drink per hour. A fresh mid-stream specimen of urine was sent for bacteriological examination.
Measurements
All blood was immediately centrifuged (2000 g, 4°C) for 10 min. Plasma and urine were frozen and stored at -20°C for later analysis. Plasma glucose was measured by a glucose oxidase method,8 glycated haemoglobin (HbA,, reference range 5 -0-9.0%) by affinity chromatography using Glycogel-B9 and albumin, urea, creatinine and electrolytes using a Vickers multichannel analyser. Urinary albumin and transferrin were measured by radioimmunoassay as described previously5 (intra-assay coefficent of variation transferrin 5.9%, albumin 4.8%). N-acetyl-P-Dglucosaminidase was measured using a commercial kit (Cortecs, Deeside, UK). a,-microglobulin was determined by radial immunodiffusion1° (antiserum and standards supplied by Behringwerke, Marburg, Germany).
A reference range for transferrin excretion was established in a previous study." Control transfemn excretion rates were 0.01-0.28 (median 0.04) pg/min. Since these values were not normally distributed the 95th centile value (0.11 pg/min) was taken as the upper limit of normal. The day to day variability of transferrin excretion in control subjects was 35%.
Data were analysed using Kruskal-Wallis, Mann-Whitney U and Spearman's rank order correlation tests.
RESULTS
Although diabetic and control subjects were well matched for age and level of habitual exercise workloads, median tolerances for steady-state exercise were slightly higher in the control group (260 w; 150-370 w) (median; range) compared with the diabetic group (210 w; 150-290 w), P<O-O5. Table 1 shows subject characteristics and plasma biochemistry at the start of the study. Table 2 shows urinary flow rates and protein excretion rates for diabetic and control subjects at rest, immediately after exercise and following 1 h recovery. Urine flows were no different between diabetic and control groups and did not alter with exercise.
In the diabetic group the median transferrin and albumin excretion rates after exercise were significantly higher than at rest (1 -5 vs 0.2 pg/min, P<O-OOl, and 29.8 vs 7.8pg/min, P<O.001, respectively). The proportional rise in transferrin excretion rate (> 600%) was more than twice that in albumin excretion rate (< 300%). Median N-acetyl-P-glucosaminidase excretion levels were higher in the diabetic than control subjects at rest and after exercise (Table 2) . They did not alter significantly with exercise. There was no change in a,-microglobulin excretion.
In the non-diabetic control group albumin excretion rose from 6.3 to 11.4pg/min after exercise (P<0-05). There was no alteration in transferrin, N-acetyl-P-glucosaminidase, or a,-microglobulin excretion.
After exercise there was a correlation between transferrin and albumin excretion rates in the diabetic group (r=0-79, P<0-02). No correlation was observed between any other proteins. There was no correlation between N-acetyl-P-Dglucosaminidase excretion and glycated haemoglobin.
DISCUSSION
We confirm the observation of increased urinary albumin excretion rate following exercise in type 1 diabetic patient^.^-^ The finding of increased transferrin excretion in diabetic subjects following exercise is novel. Although quantitatively much less transferrin than albumin is excreted there is a far greater relative increase on exercise. In the control group, there was a slight rise in albumin 0.17 (0.04-0.26) 0.05 (0.01-0.23) than transferrin (PI for albumin=4.9, PI for transferrin = 5 * 8) it should be preferentially retained by the glomerular bisement membrane.
TABLE 2. Urinary flow rates and albumin (AER). transferrin (TER), a,-microglobulin (AIM). and N-acetyl-0-Dglucosaminidase (NAG) excretion rates (median and range) in diabetic and control subjects at rest, immediately after exercise and following recovery
Our finding of increased transferrin excretion after exercise is not in keeping with this mechanism and suggests that haernodynamic factors may be more important in this setting.
The finding of increased N-acetyl-P-D-glucosaminidase excretion at rest in diabetic subjects with proteinuria has been taken as evidence of tubular dysfunction. Increased N-acetyl-P-Dglucosaminidase excretion following treadmill exercise and a correlation between N-acetyl-0-D-glucosaminidase and glycated haemoglobin levels has been reported in diabetic children. l9 We did not observe this correlation.
In summary, we have demonstrated increased transferrin excretion on exercise in diabetic subjects without evidence of complications. There was no rise in urinary transferrin excretion following exercise in a well matched control group. In the diabetic group the proportional increase in transferrin excretion was greater than for albumin and there is evidence for altered glomerular leak in these patients. Our data suggest that even patients with apparently uncomplicated diabetes mellitus may have abnormal renal function. Elevated urinary transferrin excretion rates after exercise may be better discriminators than elevated urinary albumin excretion rates. The mechanism underlying the exercise induced increase in transferrin excretion remains to be elucidated. excretion following exercise but no increase in urinary transferrin excretion. This suggests altered handling of transferrin in the diabetic state. Albumin excretion rate has been shown to increase on exercise in poorly controlled diabetics. The same may be true for other proteins, including transferrin, but we have no data regarding this. The increase in protein excretion could not have been a consequence of altered urine flow rates since there were no differences between diabetic and control groups or within the groups during the study.
Viberti et aL2 interpreted their findings of increased urinary albumin excretion but normal &microglobulin excretion (a marker of renal tubular function) following exercise as evidence for a glomerular leak of albumin. A study of nondiabetic children and adolescents reported similar results. I2 Poortmans and co-workers. however, found that there was a pattern of proteinuria suggestive of mixed glomerulo-tubular loss during an exercise test in diabetic subjects given lysine, an amino acid which blocks tubular reabsorption of filtered protein. 13 Our finding of increased albumin and transferrin excretion following exercise in the diabetic group is evidence for a glomerular leak.
We found that N-acetyl-P-D-glucosaminidase excretion (a marker of renal tubular function) was higher in the diabetic than the control group at rest and after exercise. Neither N-acetyl-0-Dglucosaminidase nor a,-microglobulin excretion, however, altered with exercise. These observations suggest that any effect of exercise on tubular protein leak is small if present at all.
The processes underlying the increased loss of protein following exercise are unknown. Ala-Houhala demonstrated decreased glomerular filtration rate and renal blood flow with a net increase in filtration fraction and fractional clearance of dextrans of radius greater than 4.8 nm after exercise in subjects with diabetic nephropathy. I4-Is These results indicate that there is increased glomerular permeability as a consequence of altered renal haemodynamics. Loss of the negative charge on glomerular capillary walls is important in the development of diabetic proteinuria. l6 Results from animal work reveal a reduction in this charge following exercise.I7 This may play a role in the development of post exercise proteinuria. The charge on the filtered protein is also important since the anionic glomerular basement membrane represents less of a barrier to the passage of cationic than anionic molecules. Since native albumin is more anionic
